Abstract. The persistence of Trypanosoma cruzi tissue forms was detected in the myocardium of seropositive individuals clinically diagnosed as chronic chagasic patients following endomyocardial biopsies (EMBs) processed by immunohistochemical (peroxidase-anti-peroxidase [PAP] staining) and molecular (polymerase chain reaction [PCR]) techniques. An indirect immunofluorescent technique revealed antigenic deposits in the cardiac tissue in 24 (88.9%) of 27 patients. Persistent T. cruzi amastigotes were detected by PAP staining in the myocardium of 22 (84.6%) of 26 patients. This finding was confirmed with a PCR assay specific for T. cruzi in 21 (91.3%) of 23 biopsy specimens from the same patients. Statistical analysis revealed substantial agreement between PCR and PAP techniques (k ϭ 0.68) and the PCR and any serologic test (k ϭ 0.77). The histopathologic study of EMB specimens from these patients revealed necrosis, inflammatory infiltrates, and fibrosis, and made it possible to detect heart abnormalities not detected by electrocardiogram and/or cineventriculogram. These indications of myocarditis were supported by the detection of T. cruzi amastigotes by the PAP technique or its genome by PCR. They suggest that although the number of parasites is low in patients with chronic Chagas' disease, their potential for heart damage may be comparable with those present during the acute phase. The urgent necessity for testing new drugs with long-term effects on T. cruzi is discussed in the context of the present results.
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In the neotropical region, perhaps the most restricted of the endemic protozoan diseases is American human trypanosomiasis, caused by Trypanosoma (Schizotrypanum) cruzi (Chagas, 1909) and transmitted by Reduviidae-Triatomine bugs, which are found only on the American continent. When an infection by T. cruzi occurs in susceptible people, it may result in Chagas' disease, which is a major health problem in Latin America, judging by the 90 million people living at risk for this disease. 1 Chagas' disease is characterized by both an acute and a chronic phase. The former is an active infection showing blood-circulating flagellates known as trypomastigotes, as well as amastigotes, the non-flagellated form found within several tissues including the myocardium. Clinically, in the acute phase several symptomatic patterns are present, but totally asymptomatic cases are not uncommon. 2, 3 The presence of specific antibodies against circulating forms of the parasite in the form of anti-T. cruzi IgM are normally found at a high level during the course of the acute phase. 3, 4 The chronic phase occurs 1-2 months after the end of the acute phase and has been traditionally divided into three forms: indeterminate, which is a symptomless period in the absence of parasites; cardiac, which involves heart damage; and digestive, which is characterized by the presence of enlarged organs known as megaesophagus or megacolon. 5 Like the acute phase, the chronic phase is associated with a specific humoral response in which IgG predominates, which permits the serodiagnosis of Chagas' disease. 3 One of the more identifiable signs of the cardiac form of chronic Chagas' disease is myocarditis, which according to recent observations appears to be a continuous histopathologic process starting during the acute phase 6 and progressing in some cases to congestive heart failure and/or sudden death. 7, 8 The virtual absence of blood parasites and the difficulty in their detection in the myocardium during the chronic phase has led many workers to propose the existence of an autoimmune degenerative process as the cause of cardiac disturbances observed in patients with chronic disease. 8 In contrast, there are reports of the presence of T. cruzi in the myocardium of patients with chronic Chagas' disease, 9 and a correlation between the number of parasites detected and the extent of cardial inflammation at the same site. 10 On the other hand, the persistence of T. cruzi or a portion of its genome has recently been revealed by the polymerase chain reaction (PCR) in the cardiac tissue of autopsy specimens from chronic chagasic patients. 11 The use of these modern approaches in the detection of T. cruzi has made it easier to detect lesion-associated parasite persistence in chronic chagasic patients, which is demonstrable only in 30% of the cases by routine microscopic analysis. 12, 13 The present paper deals with the persistence of T. cruzi in the myocardium of chronic chagasic patients using routine methodology, as well as endomyocardial biopsies (EMBs) performed on 18 untreated patients and on 10 patients at different times after treatment, using histopathologic, immunohistochemical (peroxidase-anti-peroxidase [PAP]), and molecular (polymerase chain reaction [PCR]) techniques.
MATERIALS AND METHODS
Patients. Twenty-eight chronic chagasic patients were evaluated during the present study. Eighteen of these untreated individuals classified as having chronic disease according to clinical and serologic diagnoses during the period 1985-1996. 14 This group was composed of 13 men (72.2%) and five women (27.8%) with a mean Ϯ SD age of 44.6 Ϯ 9 years (range ϭ 34-63 years). The other 10 patients were treated with benznidazole (5 mg/kg/day for 60 days) after they had been clinically and seroparasitologically diagnosed as cases with acute disease. These patients were part of a previous study carried out on 59 acute-phase patients from areas of western Venezuela where Chagas' disease is endemic. 2 This group of patients (five males and five females) had a mean Ϯ SD age of 30 Ϯ 13 years (range ϭ 12-51 years).
The complete group consisted of 19 males (67.9%) and nine females (32.1%) with a mean Ϯ SD age of 38 Ϯ 12 years (mean 38.5 years for males and 37.2 years for females, range ϭ 12-63 years). After written consent was obtained from all the patients to carry out the evaluation, they were subjected to a study plan similar to that carried out during the acute phase. 2 Patients were classified on the basis of a clinical examination according to their degree of myocardial damage using established criteria. 14, 15 The study was approved by the Biomedical Committee of the National Research Council in Venezuela.
Sample collection and processing. After clinical examination at the cardiovascular center at the University of Los Andes (Merida, Venezuela), a peripheral blood sample was obtained from each patient for routine parasitologic and serologic testing. In addition, a septal EMB was obtained following the technique used by Carrasco and others 15 for immunohistochemical, histopathologic, and molecular diagnosis. The parasitologic methods used were hemoculture and xenodiagnosis. 2 The serologic tests used to detect circulating anti-T. cruzi antibodies were a direct agglutination test (DAT) with 2-mercaptoethanol, an indirect immunofluorescence antibody test (IFAT), and an ELISA. Conditions and procedures for serologic and parasitologic methods have been given elsewhere. 2 Two immunohistochemical methods were used to study the EMB: an indirect immunofluorescence test (IIT) for tissue samples to detect antigenic deposits on cardiac tissue using specific antibodies contained in serum sample from the same patient, and a PAP technique for detecting T. cruzi amastigotes in a heart sample. 16 Both tests were performed on biopsy specimens fixed in 10% buffered formaldehyde, embedded in paraffin, sectioned (2-5 ), placed on a glass slide covered with poly-L-lysine (1: 9), dried overnight, and then processed for either technique. Observations were made with a Zeiss (Jena, Germany) Axioscop DIC light microscope fitted with an HBO 50 fluorescent lamp and a MC80 camera. The histopathologic study was carried out with 4 -thick sections obtained as indicated, stained with hematoxylin and eosin and Masson's trichrome, and studied by light microscopy. The myocardial damage observed in the biopsy specimens was classified following the Dallas criteria 17 and a recently proposed classification. 18 The sections of the EMBs were examined by a pathologist with no previous patient information and were graded on the basis of the presence of necrosis, inflammatory infiltrate, and fibrosis.
The molecular diagnosis used a PCR on 1-2 mm 3 EMB specimens. For DNA isolation, the sample was washed in a sterile saline solution and incubated at 55ЊC overnight in 1ϫ Taq polymerase buffer (50 mM KCl, 10 mM Tris-HCl, 1% Triton X-100, 100 mg/ml of gelatin, pH 8.3) without Mg ϩϩ and proteinase K (100 g/ml). The following morning samples were incubated at 94ЊC for 15 min and the cellular debris was removed by centrifugation for 5 min at 1,200 ϫ g. The supernatant was kept at Ϫ20ЊC until used. Two microliters of this supernatant was used for the PCR. The T. cruzispecific forward (5Ј-GTCGGAGCAGGGACAG-3Ј) and reverse (5Ј-CCCTCTCCAAGGTCTACA-3Ј) primers were used. These primers target sequence-repeated elements within the T. cruzi nontranscribed ribosomal spacer. 19 The assay detected all T. cruzi isolates, but did not react with T. rangeli, other kinetoplastida, or human DNA. 19, 20 The reaction was done in a total volume of 50 l containing l mM of each DNTP, 200 mM of each primer; one unit of Taq DNA polymerase in 1ϫ reaction buffer (10 m MTris-HCI, pH 8.3, 50 mM KCl, 100 mg/ml of gelatin). The MgCl 2 concentration was adjusted to 3 mM in each sample. The PCR was carried out in a Perkin-Elmer (Norwalk, CT) model 2,400 thermocycler and was programmed as follows: one cycle for 6 min at 95ЊC; a second cycle for 1 min at 55ЊC, 1.5 min at 72ЊC, and 1 min at 94ЊC (repeated 10 times); a third cycle for 1 min at 55ЊC, 1.5 min at 72ЊC, and 1 min at 92ЊC (repeated 20 times); and a final cycle for 10 min at 72ЊC.
To obtain the digoxigenin-labeled probe, a similar reaction was performed as that done for the PCR; 10 ng of the plasmid PIGS3 was combined with 0.5 l of digoxigenin 11-dUTP (Boehringer Mannheim, Mannheim, Germany). This plasmid is a subclone of recombinant bacteriophage 4a1 isolated from a genomic library of T. cruzi isolate G. 19 Trypanosoma cruzi CL Brener purified DNA 21 was used as a positive control for the PCR.
Samples from a nonchagasic patient with a primary dilated myocardiopathy and a French national who had never visited an endemic area and had died in an accident were used as controls. The former patient was parasitologically and serologically negative by the same methods used to diagnose chagasic patients. A heart sample was obtained during an autopsy of the latter patient. Both samples were treated similar to those of the chronic chagasic patients for immunohistochemical, histopathologic, and molecular methodology.
Statistical analysis. Statistical analysis consisted of a comparison of the PCR and PAP as gold standard tests, and the DAT, IFAT, ELISA, blood-circulating parasite test, and the IIT as alternative tests. Comparison between any methodologic pair included estimation of sensitivity, specificity, kappa coefficient, positive likelihood ratio, and negative likelihood ratio. The kappa () coefficient 22 was used to estimate the agreement between the gold standard and alternative tests. It was interpreted using the classification provided by Landis and Koch. 23 Interpretation of likelihood followed the recommendations of Jaeschke and others. 24 
RESULTS
Clinical classification. The clinical examination of the 28 chronic chagasic patients revealed no heart disease in 11 (39.3%) (group ChM/IA) on the basis of no clinical or electrocardiographic evidence of myocardial damage. Of these, eight had been treated with benznidazole. The second group of three chronic chagasic patients (10.7%), identified as group ChM/IB, showed normal clinical and electrocardiographic functions. However, the finding of abnormal left cineventriculograms classified them as patients with an early segmental myocardial damage. One of them had been treated with benznidazole. In the group identified as ChM/II, nine patients (32.1%) showed abnormal resting electrocardiograms (ECGs) in which arrythmias and conduction defects were found. One of these had been treated with benznidazole. These patients showed advanced myocardial damage without congestive heart failure. The remaining five (17.9%) chronic chagasic patients classified as group ChM/III %  100  100  92  0  88  84  91  86  89  64 * IHC ϭ immunohistochemical; DAT ϭ direct agglutination test; IFAT ϭ indirect immunofluorescence antibody test; BCP ϭ blood circulating parasite; IIT ϭ indirect immunofluorescence test; PAP ϭ peroxidase-anti-peroxidase; PCR ϭ polymerase chain reaction; ND ϭ not done; UD ϭ undefined; PDCMP ϭ primary dilated cardiomyopathy.
† N ϭ necrosis (ϩ ϭ mild; ϩϩ ϭ moderate; ϩϩϩ ϭ severe); II ϭ inflammatory infiltrate (ϩ ϭ mild; ϩϩ ϭ moderate; ϩϩϩ ϭ severe); F ϭ fibrosis (ϩ ϭ mild; ϩϩ ϭ moderate; ϩϩϩ ϭ severe).
‡ ChM ϭ chronic myocarditis; NCh ϭ non-chagasic. § Treated patients.
showed clinical signs of congestive heart failure with evident abnormal resting ECGs and abnormal left cineventriculograms. None of them had been treated with benznidazole. The clinical classification of the 28 chronic chagasic patients according to Carrasco and others 14 is shown in Table 1 , which is combined with other diagnostic evidence of the disease to give a general picture of each individual chronic case. Diagnostic evidence in chronic chagasic patients: seroparasitologic findings. No blood-circulating trypomastigotes of T. cruzi was detected in any of the chronic chagasic patients when xenodiagnosis and hemoculture were used as parasitologic methods. Serologic tests showed that all chronic chagasic patients were seropositive for T. cruzi infection.
Immunohistochemical findings. When immunohistochemical techniques (IIT) were applied to the EMB specimens, antigenic deposits were detected in the cardial tissues of 24 (88.9%) of 27 chronic chagasic patients. Figure 1 shows a section of an EMB specimen in which immunofluorescent deposits are observed between the cardiac fibers. The PAP technique revealed persistent parasites in cardiac tissue in 22 (84.6%) of 26 chronic chagasic patients. Figure  1 also shows T. cruzi amastigotes in an EMB specimen stained with the PAP technique.
Detection of T. cruzi DNA by the PCR.
The presence of parasites in EMB specimens of chronic chagasic patients was also confirmed with a PCR assay specific for T. cruzi DNA. This assay amplified 130 basepairs within the ribosomal spacer of the parasite, which made it possible to detect a portion of T. cruzi genome in 21 of 23 biopsy specimens (91.3 %). As shown in Figure 2 , most positive biopsy specimens showed a strong PCR signal with the expected band size, whereas the negative control and a sample taken from a person who had never lived in an area endemic for Chagas' disease showed no signal.
Statistical analysis showed substantial agreement between the PCR and PAP tests ( ϭ 0.68) and the PCR and any serologic test ( ϭ 0.77). Details on the sensitivity, specificity, and likelihood between the gold standard and alternative tests are given in Table 2 .
Histopathologic findings. This study showed necrosis, inflammatory infiltrates, and fibrosis in 85.7%, 89.3%, and 64.3% of the 28 chronic chagasic patients, respectively. Severe necrosis and inflammatory infiltrates were detected in 29.2% and 28% of the patients, respectively. Moderate necrosis and inflammatory infiltrates were the most common findings, being observed in 16 patients, while mild necrosis and inflammatory infiltrates were detected in only one (4%) Table 1 . † The value could not be determined due to division by zero. and two (8%) patients, respectively. Details on these individuals are given in Table 1 . With regard to fibrosis, which was the most common finding in these patients, histologic analysis of 28 EMB specimens showed positive results in 18 (64.3%) patients, with severe, moderate, and mild conditions found in 16.7%, 16.7% and 66.6%, respectively (Table 1) .
DISCUSSION
The present work has shown the presence of T. cruzi antigenic deposits, the parasite itself, or part of its genome in the myocardium of 27 (96.4%) of 28 chronic chagasic patients from different localities of western Venezuela where Chagas' disease is endemic. Detecting persistent T. cruzi amastigote tissue forms in the hearts of cases with chronic diseases was made possible using methods based on new biotechnology that allowed the sampling and the specific identification of the parasite in those patients previously diagnosed by classical routine methods of having T. cruzi infections. These include the EMB, a low-risk heart invasive method, 15 which when combined with the molecular PCR system, the most sensitive technique available for direct detection of T.cruzi in patients with Chagas' disease, 25 and the PAP technique, a highly specific immunohistochemical technique, 16 made it possible to accurately identify the presence of T.cruzi in the myocardium of these patients.
These findings are in contrast with those of earlier investigators for whom demonstration of T. cruzi in cardiac tissue by routine microscopy in these patients was difficult, leading them to conclude that persistent parasites are not required for chronic disease. 26 The fact that autoimmune responses in patients with chronic disease have been detected as crossreactivity between T. cruzi antigens and host tissues 12 or T. cruzi anti-idiotypic interactions 27 has led several investigators to state that the autoimmune phenomenon occurs in the absence of the parasite, questioning the direct role of T. cruzi in the production of late cardiac injury. 12 However, other investigators have confirmed the presence of a portion of the parasite genome or T. cruzi amastigotes in the myocardium of autopsied patients with chronic disease using the PAP and PCR techniques, respectively. 11, 28 This persistence appears to be the reason for the infrequent detection of parasitemia in cases with chronic disease when methods such as xenodiagnosis and/or hemoculture are used. In the absence of any data, the detection of patent parasitemia in patients with chronic disease may be interpreted as the discharge of trypomastigote forms into the peripheral blood from the transforming amastigote tissue forms persisting in the heart. Although there is some evidence based on autopsy specimens of the presence of T. cruzi during the entire life of an infected human host, to the best of our knowledge, the present work is the first report in which the persistence of parasites in the myocardium has been demonstrated in a significant number of living patients with chronic disease, making it possible to correlate the presence of parasites with the clinical, serologic, and histopathologic findings that characterize chagasic myocarditis.
This fact also shows the importance of the study of EMB specimens in seropositive individuals, which could increase the possibility of detecting heart abnormalities not detected by noninvasive methods such the electrocardiogram and cineventriculogram. In fact, our results confirm the previous findings that normal ECGs in seropositive individuals is not indicative of a healthy myocardium in individuals with chronic disease, 15 as judged by the presence of different degrees of necrosis, inflammatory infiltrates, and fibrosis in patients clinically classified as ChM/IA (28.6%) and ChM/ IB (14.3%). 14 These signs of myocarditis were always confirmed by the detection of persistent T. cruzi amastigote tissue forms by the PAP technique or the parasite genome by the PCR. This fact suggests that although the number of parasites is low in chronic Chagas' disease, damage to the cardiac muscle is constantly occurring. This also indicates that persistent T. cruzi amastigotes detected in patients with chronic disease have the same biological capability of damaging the myocardium as those present during the acute phase of the disease.
These conclusions are supported by the histopathologic findings that demonstrate that myocarditis in patients with chronic disease appears to be a continuous process associated with necrosis, inflammatory infiltrates, and fibrosis, which progressively act and continue after the acute phase, where myocarditis is always observable, 2, 6 to the chronic phase, where it is detected in patients at different stages of the disease (ChM/IA to ChM/III). These findings in chronic Chagas' disease reflect what is commonly found in leishmaniasis, where parasite persistence appears to be a characteristic of the species of the genus Leishmania, as judged by their tendency to persist after clinical resolution of the disease. 29 This fact, which is observed in acquired immunodeficiency syndrome-associated diseases, shows that an infection can remain asymptomatic or show relapses at different times in immunodepressed individuals.
These findings appear to cast some doubts on the existence of what has so far been called the indeterminate phase of Chagas' disease, which has been recognized as a symptomless period in the absence of parasites. This phase in the context of our results appears to have no justification, considering the almost constant parasite persistence in the myocardium and the constant myocarditis found in patients with chronic disease at different degrees of clinical complication and times after T. cruzi infection.
Based on the results of this study, we conclude that the drugs currently used for treating Chagas' disease are able to keep the disease in check by reducing the parasite population circulating in the peripheral blood, with subsequent improvement in the clinical condition of the patients. However, they are unable to eliminate the entire parasite population, part of which is found as amastigote tissue forms responsible for clinical relapse when immunodepression occurs.
Finally, due to the lack of effectiveness of drugs currently available to prevent colonization and persistence of T. cruzi tissue forms in the myocardium of patients with chronic disease, as demonstrated in the present work, we strongly recommend the immediate testing of drugs with long-term effects on T. cruzi populations, such as those used by Urbina and others in experimental models. 30 
